JP 2004-037647 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2004-037647 
(43)Date of publication of application : 05.02.2004 



(51)IntCI. 


G02F 1/03 






hoar 1 n /r\A 

nu4D I U/ U4 






H04R 10/0fi 






H04B 10/14 






H04B 10/142 






H04B 10/152 






H04B 10/26 






H04B 10/28 




(21 Application number : 2002-192289 


(71 Applicant 


MITSUBISHI ELECTRIC CORP 


(22)Date of filing: 01.07.2002 


(72)Inventor : 


KOBAYASHI TATSUYA 






MIZUOCHI TAKASHI 



(54) OPTICAL TRANSMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress a decline in the quality of a 
transmitted light signal caused by operating point drift of an MZ 
(Mach-Zehnder) optical modulator with inexpensive construction. 
SOLUTION: A superposition circuit 13 superposes a signal with 1R 
[Hz] frequency outputted by a driving circuit 4 and a signal from a 
dither signal source 1 2 so as to generate a drive signal of an MZ 
optical modulator 3 and drive the MZ optical modulator 3. Dither 
'; signal component light contained in an output light signal of the MZ 
| optical modulator 3 is converted into an electric signal by a PD 
j (photo diode) 6. In a mixer 8, phase comparison of an output of a 
preamplifier 7 and the dither signal is carried out. In an LPF (low pass 
filter) 9, a DC component which is an error signal of an operating 
point of the MZ optical modulator 3 is detected from an output of the 
mixer 8. The detected error signal is inputted into a summer 1 0 
through an operational amplifier 17, is added to an output of a DC bias power source 11, that is, converted 
into bias voltage which compensates the operating point drift of the MZ optical modulator 3 and is applied to 
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the MZ optical modulator 3 via a coil 19. 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A Mach-Zehnder type optical modulator which carries out the modulation process of the modulated light 
signal according to a driving signal, and outputs a train-of-impulses lightwave signal of the frequency 2R 
[Hz], 

A driving means which generates said driving signal which superimposed a signal of the drive frequency 1 R 
of said Mach-Zehnder type optical modulator [Hz], and a dither signal of low frequency, and is outputted to 
said Mach-Zehnder type optical modulator, 

The lightwave signal/electric signal converting means which changes into an electrical signal a frequency 
component of said dither signal included in an output light signal of said Mach-Zehnder type optical 
modulator, 

A phase-comparison means to perform a phase comparison of an output signal of said lightwave 
signal/electric signal converting means, and said dither signal, 

A bias control means which generates bias voltage which compensates an operating point drift of said 
Mach-Zehnder type optical modulator based on a phase comparison result signal of said phase-comparison 
means, 

An optical transmission device characterized by preparation ******. 
[Claim 2] 

Said bias control means, 

A low pass filter which extracts a dc component from a phase comparison result signal of said 
phase-comparison means, 

An amplifying means which amplifies difference of an output signal of said low pass filter, and a 
control-objectives signal, 

A bias voltage generating means which generates bias voltage which adds an output signal of said amplifying 
means, and predetermined DC bias voltage, and is given to said Mach-Zehnder type optical modulator, 
The optical transmission device according to claim 1 characterized by preparation ******. 
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[Claim 3] 

A Mach-Zehnder type optical modulator which carries out the modulation process of the modulated light 
signal according to a driving signal, and outputs a train-oHmpulses lightwave signal of the frequency 2R 
[Hz], 

A driving means which generates said driving signal of the drive frequency 1 R of said Mach-Zehnder type 
optical modulator [Hz], and is outputted to said Mach-Zehnder type optical modulator, 
The lightwave signal/electric signal converting means which changes into an electrical signal a frequency 
component of a dither signal of low frequency contained in an output light signal of said Mach-Zehnder type 
optical modulator, 

A phase-comparison means to perform a phase comparison of an output signal of said lightwave 
signal/electric signal converting means, and said dither signal, 

A bias control means which superimposes said dither signal on generated bias voltage, and is outputted to 
said Mach-Zehnder type optical modulator while generating bias voltage which compensates an operating 
point drift of said Mach-Zehnder type optical modulator based on a phase comparison result signal of said 
phase-comparison means, 

An optical transmission device characterized by preparation ******. 
[Claim 4] 

An optical transmission device of any one statement of claim 1-3, wherein said modulated light signal is 
generated from a continuation light light source, a pulse modulation light light source of the frequency 2R 
[Hz], or a pulse modulation light light source of the bit rate 2R [bit/sec]. 
[Claim 5] 

An optical transmission device of any one statement of claim 1 -4, wherein said Mach-Zehnder type optical 
modulator operates in having two electrodes and inputting into said two electrodes a driving signal with 
which polarity differs. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the optical transmission device using the Mach-Zehnder (Mach-Zehnder) type 

optical modulator which is an optical modulator of an extraneous light modulation method. 

[0002] 

[Description of the Prior Art] 

In the conventional optical fiber communications system, the optical transmission device using the optical 
modulator of the reactance modulation system which acquires the luminous-intensity signal which 
modulated the laser diode by driving current and is proportional to an electrical signal has been used. 
However, since the chirping phenomenon in which the wavelength of light changes will arise in the optical 
modulator of a reactance modulation system if access speed exceeds several Gbit/sec, In ultra high-speed 
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and a wide-band-light communications system with the access speed of several [ greater than ] Gbit/sec, 

this chirping phenomenon had become a factor which restricts transmission capacity. 

[0003] 

On the other hand, in the optical modulator of an external modulation system, a chirping phenomenon is 
acquired comparatively simply [ it is dramatically small and / a not less than 10-GHz operation band ]. Then, 
applying the optical transmission device using the optical modulator of the extraneous light modulation 
method to a large-capacity-optical-communication system is examined. The most general thing as an 
external modulator is a Mach-Zehnder type optical modulator (henceforth "MZ modulator") using the 
electrooptic effect of dielectric waveguides, such as lithium NAIOBEITO (LiNb0 3 ). 
[0004] 

The output light signal I (t) at the time of modulating MZ optical modulator with the modulating signal S (t) is 
expressed with the following formula (1). 
I (t) =k {1+cos (beta-S (t) +delta)} ... (1) 

As for a proportionality coefficient and beta, in a formula (1), a modulation factor and delta of k are the 

phases of the operating point. 

[0005] 

In MZ optical modulator, if it chooses so that it may be referred to as beta=pi/2, suitable DC voltage may be 
impressed, using the digital signal of a binary as modulating-signal S (t) and the early phase delta may be 
pi/2, the lightwave signal thoroughly turned on and off in proportion to a modulating signal will be acquired. 
[0006] 

When it is considered as beta=pi in a formula (1), it chooses so that suitable DC voltage may be impressed 
and the early phase delta may be set to 0, and the modulating signal S (t) is made into the sine wave of the 
repeat frequency 1R [Hz], the output light signal I (t) is expressed with the following formula (2). 
I (t) =k {1+cos (pi-sin (2piRt))} ... (2) 
[0007] 

A formula (2) shows that the output light signal I (t) turns into a lightwave signal turned on and off with the 
repeat frequency 2R [Hz]. Thus, in MZ optical modulator, a lightwave signal twice the frequency of the sine 
wave signal to impress can also be outputted. 
[0008] 

However, in MZ optical modulator by usual lithium NAIOBEITO (LiNb0 3 ), if the phase delta of the operating 
point is constant, it is satisfactory, but since the operating point carries out a drift, there is a problem that 
the quality of a transmit light signal deteriorates. There are a thermal drift by the pyroelectric effect which 
a temperature change brings about, and a DC drift which carries out a drift according to the electric charge 
distribution which the DC voltage impressed to the electrode forms in an element surface in a drift. In order 
to compensate the operating point change by these drifts, it is required to impress DC voltage (bias voltage) 
so that the optimal operating point may come. 
[0009] 

The bias voltage supply control method of MZ optical modulator adopted as below with the optical 
transmission device using the conventional MZ optical modulator with reference to drawing 9 - drawing 1 2 is 
explained. Drawing 9 is a block diagram showing the example of composition of the conventional optical 
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transmission device. Drawing 10 is a wave form chart explaining supply control operation of the bias voltage 
in the conventional optical transmission device shown in drawing 9 of each part (when bias voltage is a right 
value). Drawing 1 1 is a wave form chart explaining supply control operation of the bias voltage in the 
conventional optical transmission device shown in drawing 9 of each part (when bias voltage is a little high 
from a right value). Drawing 12 is a wave form chart explaining supply control operation of the bias voltage in 
the conventional optical transmission device shown in drawing 9 o f each part (when bias voltage is a little 
low from a right value). 
[0010] 

The transmission system which the optical transmission device shown in drawing 9 becomes from the input 
signal terminal 51, the divider 70, the continuation light light source 52, the MZ optical modulator 53, the 
drive circuit 54, the termination machine 64, and the optical power terminal 65, It comprises a bias voltage 
control system which consists of the optical coupler 55, the photo-diode (PD) 56, the band pass filter 57, 
the preamplifier 58, the bias control circuit 62, the coil 69, and the phase converter 63. The bias control 
circuit 62 is provided with the mixer 59, the low pass filter (LPF) 61, the operational amplifier 60, the adding 
machine 67, and the source 68 of a DC bias. The positive-phase input terminal (+) of the operational 
amplifier 60 is connected to the control-objectives volt input terminal 66. In drawing 9 , although the coil 69 
and the termination machine 64 are shown, MZ type optical modulator which builds in a coil and a 
termination machine is also known, and use of a coil and a termination machine is not essential. 
[0011] 

The sine wave signal of the frequency 1R [Hz] is inputted into the input signal terminal 51. The sine wave 
signal of this frequency 1R [Hz] dichotomizes with the divider 70, one side is inputted into the drive circuit 

54, and another side is inputted into the phase converter 63. The drive circuit 54 outputs the driving signal 
which amplified the sine wave signal of the frequency 1R [Hz] inputted from the divider 70 to 2Vpi, and cut 
the DC component by the capacitor to build in to the drive end of MZ type optical modulator 53. When the 
drive circuit 54 does not build in a capacitor, a capacitor is required between the drive circuit 54 and MZ 
type optical modulator 53 because of the prevention from destructive of the drive circuit 54. The phase 
converter 63 adjusts the phase of the sine wave signal of the frequency 1R [Hz] inputted from the divider 70, 
and gives it to one input edge of the mixer 59. 

[0012] 

The MZ optical modulator 53 performs a modulation process for the continuation light which enters from the 
continuation light light source 52 according to the driving signal from the drive circuit 54, and the DC signal 
(bias voltage) from the coil 69, and outputs the train-oHmpulses lightwave signal of the frequency 2R [Hz]. 
The modulated lightwave signal is emitted outside from the optical power terminal 65 via the optical coupler 

55, and a part enters into PD56 from the optical coupler 55. 
[0013] 

PD56 changes into an electrical signal the lightwave signal which enters from the optical coupler 55. The 
band pass filter 57 whose center frequency is 1R [Hz] extracts the signal of the frequency 1R [Hz] 
ingredient contained in the output signal of PD56. The preamplifier 58 amplifies the output signal of the band 
pass filter 57, and gives it to the input edge of another side of the mixer 59. 
[0014] 
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The mixer 59 multiplies by the output signal of the preamplifier 58, and the output signal of the phase 
converter 63, and performs synchronous detection. LPF61 is set as the value in which a cut off frequency is 
sufficiently lower than 1 R [Hz]. 

Only a DC component is extracted from the output signal of the mixer 59. 

The operational amplifier 60 performs the differential amplifier of the DC signal which LPF61 outputs, and 
the input signal of the control-objectives volt input terminal 66. Usually, the input signal of the 
control-objectives volt input terminal 66 is zero. The adding machine 67 performs addition with the output 
signal of the DC-bias power supply 68, and the output signal of the operational amplifier 60, and generates 
bias voltage. Bias voltage is given to the bias terminal of the MZ optical modulator 53 via the coil 69. 
[0015] 

Thus, in the bias voltage control circuit 62. The DC component which is an error signal is extracted from the 
output signal of the mixer 59 in LPF61, Because the difference of this error signal and a control-objectives 
value is called for with the operational amplifier 60 and adds the output signal of the operational amplifier 60, 
and predetermined DC-bias voltage with the adding machine 67. An error signal is changed into the bias 
voltage given to the MZ optical modulator 53, and is supplied to the MZ optical modulator 53 via the coil 69. 
[0016] 

The continuation light which enters from the continuation light light source 52 in the MZ optical modulator 
53 by this is modulated by the sine wave signal of the frequency 1 R [Hz] inputted from the signal input 
terminal 51, and the pulse form lightwave signal of the frequency 2R is emitted outside from the optical 
power terminal 65. In the process, supply control of bias voltage which operates stably in the optimal 
operating point for the MZ optical modulator 53 according to a bias voltage control system will be performed. 
[0017] 

It is still more desirable to use the preamplifier 58 as linearity amplifier. The band pass filter 57 and the 
preamplifier 58 constitute the sinusoidal extraction means. 
PLL etc. can also be used as a sinusoidal extraction means. 

[0018] 

Next, supply control operation of bias voltage is explained with reference to drawing 10 - drawing 12 . 
Operation of MZ optical modulator when bias voltage is set up correctly is shown by drawing 10 . An input 
signal (driver voltage) (a) is a signal with which the driving signal and bias voltage of the frequency 1 R [Hz] 
were compounded. The operating characteristic curve (b) shows the operating characteristic curve of the 
MZ optical modulator 53 given by a formula (2). It is shown that bias voltage is set up correctly. As a result, 
as shown in (c), the pulse form lightwave signal of the frequency 2R [Hz] is outputted from the MZ optical 
modulator 53. As for each pulsed light, amplitude has gathered. 
[0019] 

In this case, as shown in (d), the level signal of fixed amplitude is outputted from the preamplifier 58. The 
output of the phase converter 63 is a driving signal of the frequency 1R [Hz], as shown in (e). Therefore, the 
output of the mixer 59 when synchronous detection of the output signal of the preamplifier 58 and the 
output signal of the phase converter 63 is multiplied by them and carried out is CxAsin (2pix1 Rt+theta), 
when the output swing of the preamplifier 58 and the constant A are made into the output swing of the 
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phase converter 63 and it makes theta an initial phase for the constant C. ... (3) 

It becomes. 

[0020] 

The cut off frequency of LPF61 is set up low enough compared with 1 R [Hz]. Therefore, the output signal of 
LPF61 serves as zero level, as shown in (f). That is, it turns out that the signal component of the frequency 
1R [Hz] is not observed at the output of LPF61. 
[0021] 

Operation of MZ optical modulator when bias voltage is a little high from a right value is shown by drawing 1 1 . 
An input signal (driver voltage) (a) is a signal with which the driving signal and bias voltage of the frequency 
1 R [Hz] were compounded. The operating characteristic curve (b) shows the operating characteristic curve 
of the MZ optical modulator 53 given by a formula (2). It is shown that bias voltage is set as a little high place 
from the right value. Amplitude differs for every cycle and becomes as a result, less constant [ the pulse 
form lightwave signal of the frequency 2R outputted from the MZ optical modulator 53 ], as shown in (c). 
[0022] 

In this case, as shown in (d), from the preamplifier 58, the signal for the frequency 1 R [Hz] is outputted. The 
output of the phase converter 63 is as in phase as the output signal of the preamplifier 58, as shown in (e). 
Therefore, the output of the mixer 59 when synchronous detection of the output signal which is the 
preamplifier 58, and the output signal of the phase converter 63 is multiplied by them and carried out is, 
when the constant A is made into the output swing of the phase converter 63 and it makes the constant B 
the output swing of the preamplifier 58, 

Asin (2rcXlRt) XBsin (27tXlRt) 

- (AB/2) X {cos (0) -cos (4?cXlRt) } 

- (AB/2) X 11-cos UtfXlRt) } • * • • (4) 



It becomes. 
[0023] 

The cut off frequency of LPF61 is set up low enough compared with 1R [Hz]. Therefore, the output of 
LPF61 is set to AB/2. That is, as the output signal of LPF61 is shown in (f), it turns out that it becomes a 
Masakata-oriented DC signal and the signal of the frequency 1 R [Hz] can be detected. 
[0024] 

Operation of MZ optical modulator when bias voltage is a little low from a right value is shown by drawing 1 2 . 
An input signal (driver voltage) (a) is a signal with which the driving signal and bias voltage of the frequency 
1R [Hz] were compounded. The operating characteristic curve (b) shows the operating characteristic curve 
of the MZ optical modulator 53 given by a formula (2). It is shown that bias voltage is set as a little low place 
from the right value. Amplitude differs for every cycle and becomes as a result, less constant [ the pulse 
form lightwave signal of the frequency 2R outputted from the MZ optical modulator 53 ], as shown in (c). 
With drawing 1 1 (c), the phase serves as relation shifted 180 degrees. 
[0025] 
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In this case, as shown in (d), the signal of the frequency 1R [Hz] is outputted from the preamplifier 58. The 
output of the phase converter 63 is the output signal and opposite phase of the preamplifier 58, as shown in 
(e). Therefore, the output of the mixer 59 when synchronous detection of the output signal which is the 
preamplifier 58, and the output signal of the phase converter 63 is multiplied by them and carried out is, 
when the constant A is made into the output swing of the phase converter 63 and it makes the constant B 
the output swing of the preamplifier 58, 

As in (27tXlRt) X-Bsln (27CX1RO 
= (AB/2) X {-cos (0) +cos (4*XlRt) } 
= (AB/2) X (-1 + cos UrcXlRt) ) • ♦ • * (5) 



It becomes. 
[0026] 

The cut off frequency of LPF61 is set up low enough compared with 1R [Hz]. Therefore, the output of 
LPF61 is set to -AB/2. That is, as the output signal of LPF61 is shown in (f), it turns out that it becomes a 
DC signal of a negative direction and the signal of the frequency 1R [Hz] can be detected. 
[0027] 

Thus, the error signal corresponding to the gap from the optimal point of bias voltage is outputted from 
LPF61. Since it is reversed according to the direction of the gap from the right value of bias voltage, the 
polarity of this error signal can know the direction which controls bias voltage. Therefore, this error signal is 
inputted into the operational amplifier 60, and the operating point drift of the MZ optical modulator 53 can be 
oppressed by performing feedback control. 
[0028] 

[Problem(s) to be Solved by the Invention] 

However, in the conventional bias voltage control method, the signal of 5 [GHz] is usually used as 1 R 
signalling frequency which is a driving signal of MZ optical modulator. Therefore, it is necessary to detect 
the signalling frequency of 5 [GHz] from the output light signal of MZ optical modulator in PD. Such 
high-speed PD is expensive. There is a problem that the band pass filter, preamplifier, and mixer which are 5 
[GHz] also have expensive center frequency. 
[0029] 

This invention was made in view of the above, and an object of an invention is to obtain the optical 
transmission device which can oppress the quality degradation of the transmit light signal by the operating 
point drift of MZ optical modulator with cheap composition. 
[0030] 

[Means for Solving the Problem] 

To achieve the above objects, this invention is characterized by an optical transmission device comprising 
the following. 

A Mach-Zehnder type optical modulator which carries out the modulation process of the modulated light 
signal according to a driving signal, and outputs a train-of-impulses lightwave signal of the frequency 2R 
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[Hz]. 

A driving means which generates said driving signal which superimposed a signal of the drive frequency 1 R 
of said Mach-Zehnder type optical modulator [Hz], and a dither signal of low frequency, and is outputted to 
said Mach-Zehnder type optical modulator. 

The lightwave signal/electric signal converting means which changes into an electrical signal a frequency 
component of said dither signal included in an output light signal of said Mach-Zehnder type optical 
modulator 

A phase-comparison means to perform a phase comparison of an output signal of said lightwave 
signal/electric signal converting means, and said dither signal, and a bias control means which generates 
bias voltage which compensates an operating point drift of said Mach-Zehnder type optical modulator based 
on a phase comparison result signal of said phase-comparison means. 

[0031] 

According to this invention, by a driving means, superposition in a signal of the drive frequency 1 R of a 
Mach-Zehnder type optical modulator [Hz] and a dither signal of low frequency is performed, and a 
Mach-Zehnder type optical modulator drives. Although bias voltage of a Mach-Zehnder type optical 
modulator is supplied from a bias control means, feedback control of the supply of this bias voltage is 
carried out as follows. That is, a part of output signal of a Mach-Zehnder type optical modulator is changed 
into an electrical signal in a lightwave signal/electric signal converting means, and a dither signal component 
contained in an output light signal of a Mach-Zehnder type optical modulator is detected. And a phase 
comparison of an output signal of a lightwave signal/electric signal converting means and an output signal of 
a dither signal source is performed by phase-comparison means. Subsequently, based on the phase 
comparison result signal, an error signal of the operating point of a Mach-Zehnder type optical modulator is 
detected in a bias control means, A detected error signal is changed into bias voltage which compensates an 
operating point drift of a Mach-Zehnder type optical modulator, and is impressed to a bias terminal of a 
Mach-Zehnder type optical modulator. 
[0032] 

In the above-mentioned invention, an optical transmission device concerning the next invention said bias 
control means, A low pass filter which extracts a dc component from a phase comparison result signal of 
said phase-comparison means, It had a bias voltage generating means which generates bias voltage which 
adds an amplifying means which amplifies difference of an output signal of said low pass filter, and a 
control-objectives signal, and an output signal of said amplifying means and predetermined DC bias voltage, 
and is given to said Mach-Zehnder type optical modulator. 
[0033] 

According to this invention, in the above-mentioned invention, an output signal of a phase-comparison 
means is inputted into a low pass filter, and a dc component is extracted from a phase comparison result 
signal by a bias control means. An output signal of a low pass filter is inputted into an amplifying means as an 
error signal. In an amplifying means, difference of an output signal of a low pass filter and a 
control-objectives signal is amplified. And bias voltage given to a Mach-Zehnder type optical modulator is 
generated by adding an output signal of an amplifying means, and predetermined DC bias voltage in a bias 
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voltage generating means. 
[0034] 

Next this invention is characterized by an optical transmission device concerning an invention comprising 
the following. 

A Mach-Zehnder type optical modulator which carries out the modulation process of the modulated light 
signal according to a driving signal, and outputs a train-of-impulses lightwave signal of the frequency 2R 
[Hz]. 

A driving means which generates said driving signal of the drive frequency 1 R of said Mach-Zehnder type 
optical modulator [Hz], and is outputted to said Mach-Zehnder type optical modulator. 
The lightwave signal/electric signal converting means which changes into an electrical signal a frequency 
component of a dither signal of low frequency contained in an output light signal of said Mach-Zehnder type 
optical modulator 

A phase-comparison means to perform a phase comparison of an output signal of said lightwave 
signal/electric signal converting means, and said dither signal, A bias control means which superimposes 
said dither signal on generated bias voltage, and is outputted to said Mach-Zehnder type optical modulator 
while generating bias voltage which compensates an operating point drift of said Mach-Zehnder type optical 
modulator based on a phase comparison result signal of said phase-comparison means. 

[0035] 

According to this invention, a Mach-Zehnder type optical modulator is driven with a driving signal of the 
frequency 1 R [Hz] which a driving means generates. Although bias voltage of a Mach-Zehnder type optical 
modulator is supplied from a bias control means, it is superimposed on a dither signal of low frequency by 
this bias voltage. Therefore, a dither signal is included in an output light signal of a Mach-Zehnder type 
optical modulator. Feedback control of the supply of bias voltage superimposed on this dither signal is 
carried out as follows. That is, a part of output signal of a Mach-Zehnder type optical modulator is changed 
into an electrical signal in a lightwave signal/electric signal converting means, and a dither signal component 
contained in an output light signal of a Mach-Zehnder type optical modulator is detected. And a phase 
comparison of an output signal of a lightwave signal/ electric signal converting means and a dither signal is 
performed by phase-comparison means. Subsequently, based on the phase comparison result signal, an 
error signal of the operating point of a Mach-Zehnder type optical modulator is detected in a bias control 
means, A detected error signal is changed into bias voltage which compensates an operating point drift of a 
Mach-Zehnder type optical modulator, and it is superimposed on it with a dither signal, and it is impressed 
to a bias terminal of a Mach-Zehnder type optical modulator. 
[0036] 

As for an optical transmission device concerning the next invention, in the above-mentioned invention, said 
modulated light signal is generated from a continuation light light source, a pulse modulation light light 
source of the frequency 2R [Hz], or a pulse modulation light light source of the bit rate 2R [bit/sec]. 
[0037] 

According to this invention, in the above-mentioned invention, a continuation light light source, a pulse 
modulation light light source of the frequency 2R [Hz], or a pulse modulation light light source of the bit rate 
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2R [bit/ sec] is used for a light source of said modulated light signal. 
[0038] 

In the above-mentioned invention, said Mach-Zehnder type optical modulator has two electrodes, and the 
optical transmission device concerning the next invention operates in inputting into said two electrodes a 
driving signal with which polarity differs. 
[0039] 

According to this invention, a driving signal with which polarity differs is inputted in the above-mentioned 
invention by two electrodes which said Mach-Zehnder type optical modulator has. That is, the 
Mach-Zehnder type optical modulator concerned is a push pull type. 
[0040] 

[Embodiment of the Invention] 

With reference to an accompanying drawing, the suitable embodiment of the optical transmission device 

concerning this invention is described in detail below. 

[0041] 

Embodiment 1. 

Drawing 1 is a block diagram showing the composition of the optical transmission device which is this 
embodiment of the invention 1. The transmission system which the optical transmission device shown in 
drawing 1 becomes from the input signal terminal 1, the continuation light light source 2, the MZ optical 
modulator 3, the drive circuit 4, the termination machine 15, and the optical power terminal 16, It comprises 
a bias voltage control system which consists of the optical coupler 5, the photo-diode (PD) 6, the 
preamplifier 7, the bias control circuit 14, the coil 19, the dither signal source 12, and the superposition 
circuit 13. The superposition circuit 13 superimposes the output signal of the drive circuit 4, and the dither 
signal from the dither signal source 1 2. The bias control circuit 1 4 is provided with the mixer 8, the low pass 
filter (LPF) 9, the operational amplifier 17, the DC-bias voltage source 11, and the adding machine 10. The 
positive-phase input terminal (+) of the operational amplifier 1 7 is connected to the control-objectives volt 
input terminal 18. In drawing 1 , although the coil 19 and the termination machine 15 are shown, MZ type 
optical modulator which builds in a coil and a termination machine is also known, and use of a coil and a 
termination machine is not essential. 
[0042] 

The sine wave signal of the frequency 1R [Hz] which drives the MZ optical modulator 3 is inputted into the 
input signal terminal 1 . The drive circuit 4 amplifies the sine wave signal of the frequency 1 R [Hz] impressed 
to the input signal terminal 1 to 2Vpi, and outputs the driving signal to the superposition circuit 1 3. The 
superposition circuit 1 3 outputs the driving signal which superimposed the dither signal of the low frequency 
fd [Hz] which the dither signal source 1 2 generates, and the driving signal which the drive circuit 4 outputs, 
and cut the DC component by the capacitor to build in to the drive end of the MZ optical modulator 3. When 
the superposition circuit 1 3 does not build in a capacitor, a capacitor is required between the superposition 
circuit 13 and MZ type optical modulator 53 because of the prevention from destructive of the superposition 
circuit 13. 
[0043] 

The MZ optical modulator 3 performs a modulation process for the continuation light which enters from the 
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continuation light light source 2 according to the driving signal from the superposition circuit 13, and the DC 
signal (bias voltage) from the coil 1 9, and outputs the train-of-impulses lightwave signal of the frequency 2R 
[Hz]. The modulated lightwave signal is emitted outside from the optical power terminal 1 6 via the optical 
coupler 5, and a part enters into low speed PD6 from the optical coupler 5. 
[0044] 

PD6 changes into an electrical signal the dither optical signal ingredient which is a part for the low 
frequency contained in the lightwave signal which enters from the optical coupler 5. Therefore, a low-speed 
thing is used PD6. The preamplifier 7 amplifies the output power signal of PD6, and gives it to one input edge 
of the mixer 8. The dither signal of the low frequency which the dither signal source 12 generates is inputted 
into the input edge of another side of the mixer 8. Therefore, since the mixer 8 will perform the phase 
comparison of low speed dither signals, a low-speed thing is used. 
[0045] 

The output of the mixer 8 is inputted into LPF9. The cut off frequency of LPF9 is set up low enough 
compared with fd [Hz]. Therefore, LPF9 extracts only a DC component from the output signal of the mixer 
8. The operational amplifier 17 performs the differential amplifier of the output signal of LPF9 impressed to 
an opposite phase input edge (-), and the input signal of the control-objectives volt input terminal 18 
impressed to a positive-phase input terminal (+). Usually, the input signal of the control-objectives volt 
input terminal 18 is zero. The adding machine 10 performs addition with the output signal of the DC-bias 
power supply 1 1 , and the output signal of the operational amplifier 1 7, and generates bias voltage. Bias 
voltage is given to the drive end of the MZ optical modulator 3 via the coil 19. 
[0046] 

Thus, in the bias voltage control circuit 14. The DC component which is an error signal is extracted from the 
output signal of the mixer 8 in LPF9, An error signal is changed into the bias voltage given to the MZ optical 
modulator 3, and is supplied to the MZ optical modulator 3 via the coil 1 9 because the difference of this 
error signal and a control-objectives value is called for with the operational amplifier 17 and adds the output 
signal of the operational amplifier 17, and predetermined DC-bias voltage with the adding machine 10. 
[0047] 

The continuation light which enters from the continuation light light source 2 in the MZ optical modulator 3 
by this, the driving signal with which the sine wave signal of the frequency 1 R [Hz] inputted from the signal 
input terminal 1 was overlapped on the low frequency fd [Hz] — it becomes irregular and the 
train-of-impulses lightwave signal of 2R [Hz] is emitted outside from the optical power terminal 16. In the 
process, supply control of bias voltage which operates stably in the optimal operating point to the MZ 
optical modulator 3 according to a bias voltage control system will be performed. 
[0048] 

Next, with reference to drawing 2 - drawing 5 , the supply control operation of bias voltage performed with 
the optical transmission device shown in drawing 1 is explained. Drawing 2 is a wave form chart explaining 
supply control operation of the bias voltage in the optical transmission device shown in drawing 1 of each 
part (when bias voltage is a right value). Drawing 3 is a wave form chart explaining supply control operation 
of the bias voltage in the optical transmission device shown in drawing 1 of each part (when bias voltage is 
a little high from a right value). Drawing 4 is a wave form chart explaining supply control operation of the bias 
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voltage in the optical transmission device shown in drawing 1 of each part (when bias voltage is a little low 
from a right value). Drawing 5 is a characteristic figure showing the relation of the output (error signal) of 
LPF and bias voltage which are shown in drawing 1 . 
[0049] 

Operation of the MZ optical modulator 3 when bias voltage is set up correctly is shown by drawing 2 . The 
input signal (driver voltage) (a) expresses the output signal of the superposition circuit 13 inputted into the 
MZ optical modulator 3. The dither signal of the low frequency fd [Hz] outputted from the dither signal 
source 12 is superimposed by the superposition circuit 13 at MZ optical modulator driving signal which the 
drive circuit 4 outputs. 
[0050] 

The operating characteristic curve (b) shows the operating characteristic curve of the MZ optical modulator 
3 given by a formula (2). It is shown that bias voltage is set up correctly. As a result, as shown in (c), the low 
frequency spectrum of frequency 2fd [Hz] is contained in the output light signal of the MZ optical modulator 
3. PD6 changes the low frequency spectrum of this frequency 2fd [Hz] into an electrical signal. 
[0051] 

In this case, as shown in (d), the electrical signal which is frequency 2fd [Hz] is acquired by the output of the 
preamplifier 7. (e) expresses the dither signal wave form outputted from the dither signal source 12. If the 
output of the mixer 8 when synchronous detection of the output signal and dither signal of the preamplifier 
7 is multiplied by them and carried out makes the constant A the output swing of the dither signal source 1 2 
and the constant B is made into the output swing of the preamplifier 7, 

Asln (2rcXfdt) XBsin (2teX2 f dt) 
= (AB/2) X{cos (-27tXlfdt) 

-cos (2?tX3f dt) } • • • • (6) 



It becomes. 
[0052] 

The cut off frequency of LPF9 is set up low enough compared with fd [Hz]. Therefore, the output of LPF9 
serves as zero level, as shown in (f). That is, it turns out that the dither signal component of the frequency 
fd [Hz] is not observed at the output of LPF9. 
[0053] 

Operation of the MZ optical modulator 3 when bias voltage is a little high from a right value is shown by 
drawing 3 . The input signal (driver voltage) (a) expresses the output signal of the superposition circuit 1 3 
inputted into the MZ optical modulator 3. The dither signal of the low frequency fd [Hz] outputted from the 
dither signal source 1 2 is superimposed by the superposition circuit 1 3 at MZ optical modulator driving 
signal which the drive circuit 4 outputs. 
[0054] 

The operating characteristic curve (b) shows the operating characteristic curve of the MZ optical modulator 
3 given by a formula (2). It is shown that bias voltage is set as a little high place from the right value. As a 
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result, as shown in (c), the low frequency spectrum of the frequency fd [Hz] is contained in the output light 
signal of the MZ optical modulator 3. PD6 changes the low frequency spectrum of this frequency fd [Hz] into 
an electrical signal. 
[0055] 

In this case, as shown in (d), the electrical signal which is the frequency fd [Hz] is acquired by the output of 
the preamplifier 7. (e) expresses the dither signal wave form outputted from the dither signal source 1 2. (d) 
And in (e), the output wave and dither signal wave form of the preamplifier 7 have a relation of an opposite 
phase. If the output of the mixer 8 when synchronous detection of the output signal and dither signal of the 
preamplifier 7 is multiplied by them and carried out makes the constant A the output swing of the dither 
signal source 1 2 and the constant B is made into the output swing of the preamplifier 7, when based on the 
phase of a dither signal, 

As in (27tXfdt) XBsin (2wXf d t+w) 
= CAB/ 2) X {-cos (0) +cos (2?cX2 f d t) } ♦ * (7) 



It becomes. 
[0056] 

The cut off frequency of LPF9 is set up low enough compared with fd [Hz]. Therefore, the output of LPF9 
becomes - (AB/2). That is, as the output signal of LPF61 is shown in (f), it turns out that it becomes a DC 
signal of a negative direction and the dither signal component of the frequency fd [Hz] can be detected. 
[0057] 

Operation of the MZ optical modulator 3 when bias voltage is a little low from a right value is shown by 
drawing 4 . The input signal (driver voltage) (a) expresses the output signal of the superposition circuit 13 
inputted into the MZ optical modulator 3. The dither signal of the low frequency fd [Hz] outputted from the 
dither signal source 1 2 is superimposed by the superposition circuit 1 3 at MZ optical modulator driving 
signal which the drive circuit 4 outputs. 
[0058] 

The operating characteristic curve (b) shows the operating characteristic curve of the MZ optical modulator 
3 given by a formula (2). It is shown that bias voltage is set as a little high place from the right value. As a 
result, as shown in (c), the low frequency spectrum of the frequency fd [Hz] whose drawing 3 (c) is an 
opposite phase is contained in the output light signal of the MZ optical modulator 3. PD6 changes the low 
frequency spectrum of this frequency fd [Hz] into an electrical signal. 
[0059] 

In this case, as shown in (d), the electrical signal whose frequency is fd [Hz] is acquired by the output of the 
preamplifier 7. (e) expresses the dither signal wave form outputted from the dither signal source 1 2. (d) And 
in (e), the output wave and dither signal wave form of the preamplifier 7 have a relation in phase. If the 
output of the mixer 8 when synchronous detection of the output signal and dither signal of the preamplifier 
7 is multiplied by them and carried out makes the constant A the output swing of the dither signal source 12 
and the constant B is made into the output swing of the preamplifier 7, when based on the phase of a dither 
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signal, 

As In (ZnXf dt) XBsin (2 7tXf dt) 
= (AB/2) X {cos (0) -cos <2rtX2fdt) } • • (8) 



It becomes. 
[0060] 

The cut off frequency of LPF9 is set up low enough compared with fd [Hz]. Therefore, the output of LPF9 is 
set to AB/2. That is, as the output signal of LPF9 is shown in (f), it turns out that it becomes a 
Masakata-oriented DC signal and the dither signal component of the frequency fd [Hz] can be detected. 
[0061] 

The relation between the output (error signal) of LPF9 and bias voltage is shown, for example in drawing 5 . 
In drawing 5 , a horizontal axis is bias voltage, and optimum voltage point zero are specified in the center, 
there to left-hand side is low bias voltage, and it supposes that right-hand side is high bias voltage. A 
vertical axis is an error signal, and zero level is specified in the center, there to the upper part is straight 
polarity (+), and it supposes that a lower part is negative polarity (-). 
[0062] 

In drawing 5 , when bias voltage has set it as the optimum voltage point 0, an error signal is zero level. It is 
the case shown in drawing 2 . If bias voltage is more highly set up from the optimum voltage point 0, an error 
signal will be set to the level which shifted to the negative polarity side from zero level. It is the case shown 
in drawing 3 . If bias voltage is set up lowness from the optimum voltage point 0, an error signal will be set to 
the level which shifted to the straight polarity side from zero level. It is the case shown in drawing 4 . 
[0063] 

Thus, from LPF9, the error signal corresponding to the gap from the optimal point 0 of bias voltage is 
outputted. Therefore, the problem of the operating point drift of the MZ optical modulator 3 can be solved 
because the bias control circuit 14 controls the bias voltage impressed to the MZ optical modulator 3, so 
that an error signal may serve as zero level, and the quality degradation of the lightwave signal emitted from 
the optical power terminal 1 6 can be controlled. 
[0064] 

Embodiment 2. 

Drawing 6 is a block diagram showing the composition of the optical transmission device which is this 
embodiment of the invention 2. In drawing 6 , the same numerals are given to the composition shown in 
drawing 1 , identitas, or equivalent component part. Here, it explains focusing on the portion in connection 
with Embodiment 2. 
[0065] 

The optical transmission device by Embodiment 2 omits the superposition circuit 13, and he is trying to 
superimpose the dither signal from the dither signal source 12 on bias voltage with the adding machine 10 in 
the composition shown in Embodiment 1 (drawing 1) , as shown in drawing 6 . 
[0066] 
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According to this composition, the same operation effect as Embodiment 1 is obtained, and the quality 
degradation by the operating point drift of the MZ optical modulator 3 in the lightwave signal emitted from 
the optical power terminal 1 6 can be controlled. 
[0067] 

Embodiment 3. 

Drawing 7 is a block diagram showing the composition of the optical transmission device which is this 
embodiment of the invention 3. In drawing 7 , the same numerals are given to the composition shown in 
drawing 1 , identitas, or equivalent component part. Here, it explains focusing on the portion in connection 
with Embodiment 3. 
[0068] 

As shown in drawing 7 , in the composition shown in Embodiment 1 ( drawing 1 ), the optical transmission 
device by Embodiment 3 is replaced with the continuation light light source 2, and the pulse modulation light 
light source 21 is formed. The pulse modulation light light source 21 can emit the pulse modulation light of 
the frequency 2R [Hz], or the pulse modulation light of the bit rate 2R [bit/sec]. 
[0069] 

As such a pulse modulation light light source 21, what modulated continuation light to pulse form with what 
carried out gain switching of the semiconductor laser, the ring oscillator using a fiber type light amplifier, and 
MZ optical modulator, for example can be used. 
[0070] 

According to this Embodiment 3, the same operation effect as Embodiment 1 is obtained, and the quality 
degradation by the operating point drift of the MZ optical modulator 3 in the lightwave signal emitted from 
the optical power terminal 16 can be controlled. 
[0071] 

Embodiment 4. 

Drawing 8 is a block diagram showing the composition of the optical transmission device which is this 
embodiment of the invention 4. In drawing 8 , the same numerals are given to the composition shown in 
drawing 1 , identitas, or equivalent component part. Here, it explains focusing on the portion in connection 
with Embodiment 4. 
[0072] 

As shown in drawing 8 , in the composition shown in Embodiment 1 ( drawing 1 ), the optical transmission 
device by Embodiment 4 is replaced with the MZ optical modulator 3, the MZ optical modulator 31 is formed, 
and the phase converter 32 and the divider 33 are formed in connection with it. The termination machine 34 
is formed. 
[0073] 

The MZ optical modulator 31 is a push pull type MZ optical modulator which has two electrodes. The divider 
33 generates the modulator driving signal which divided the output signal amplitude of the superposition 
circuit 13 into two equally. The direct entry of one side of the modulator driving signal which the divider 33 
generates is carried out to one side of two electrodes which a push pull type MZ optical modulator has. 
Another side of the modulator driving signal which the divider 33 generates is inputted into another side of 
two electrodes which a 1 80-degree phase shift is carried out with the phase converter 32, and a push pull 
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type MZ optical modulator has. That is, the modulator driving signal with which 180 degrees of phases differ 

is inputted into two electrodes which the MZ optical modulator 31 has. 

[0074] 

According to this composition, the same operation effect as Embodiment 1 is obtained, and the quality 
degradation by the operating point drift of the MZ optical modulator 31 in the lightwave signal emitted from 
the optical power terminal 1 6 can be controlled. In addition, since the push pull type MZ optical modulator 
was used, the reduction effect of the chirp contained during optical power is acquired. 
[0075] 

[Effect of the Invention] 

As explained above, according to this invention, by a driving means, superposition in the signal of the 
frequency 1 R of a Mach-Zehnder type optical modulator [Hz] and the dither signal of a low frequency wave 
is performed, and a Mach-Zehnder type optical modulator drives. Although the bias voltage of a 
Mach-Zehnder type optical modulator is supplied from a bias control means, feedback control of the supply 
of this bias voltage is carried out as follows. That is, a part of output signal of a Mach-Zehnder type optical 
modulator is changed into an electrical signal in a lightwave signal/electric signal converting means, and the 
dither signal component contained in the output light signal of a Mach-Zehnder type optical modulator is 
detected. And the phase comparison of the output signal of a lightwave signal/electric signal converting 
means and the output signal of a dither signal source is performed by the phase-comparison means. 
Subsequently, based on the phase comparison result signal, the error signal of the operating point of a 
Mach-Zehnder type optical modulator is detected in a bias control means, The detected error signal is 
changed into the bias voltage which compensates the operating point drift of a Mach-Zehnder type optical 
modulator, and is impressed to the bias terminal of a Mach-Zehnder type optical modulator. Since an 
operating point drift is compensated with a Mach-Zehnder type optical modulator by this, the quality 
degradation of the transmit light signal by the operating point drift of a Mach-Zehnder type optical 
modulator is controlled by it. Here, since a low-speed thing may be used, a lightwave signal/electric signal 
converting means, and a phase-comparison means can be constituted cheaply. 
[0076] 

According to the next invention, in the above-mentioned invention, the output signal of a phase-comparison 
means is inputted into a low pass filter, and a dc component is extracted from a phase comparison result 
signal by a bias control means. The output signal of a low pass filter is inputted into an amplifying means as 
an error signal. In an amplifying means, the difference of the output signal of a low pass filter and a 
control-objectives signal is amplified. And the bias voltage given to a Mach-Zehnder type optical modulator 
is generated by adding the output signal of an amplifying means, and predetermined DC bias voltage in a bias 
voltage generating means. Thus, in a bias control means, the bias voltage which compensates an operating 
point drift can be generated, and a Mach-Zehnder type optical modulator can be supplied. 
[0077] 

According to the next invention, a Mach-Zehnder type optical modulator is driven with the driving signal of 
the frequency 1 R [Hz] which a driving means generates. Although the bias voltage of a Mach-Zehnder type 
optical modulator is supplied from a bias control means, it is superimposed on the dither signal of low 
frequency by this bias voltage. Therefore, the dither signal is included in the output light signal of the 
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Mach-Zehnder type optical modulator. Feedback control of the supply of the bias voltage superimposed on 
this dither signal is carried out as follows. That is, a part of output signal of a Mach-Zehnder type optical 
modulator is changed into an electrical signal in a lightwave signal/electric signal converting means, and the 
dither signal component contained in the output light signal of a Mach-Zehnder type optical modulator is 
detected. And the phase comparison of the output signal of a lightwave signal/electric signal converting 
means and a dither signal is performed by the phase-comparison means. Subsequently, based on the phase 
comparison result signal, the error signal of the operating point of a Mach-Zehnder type optical modulator is 
detected in a bias control means, The detected error signal is changed into the bias voltage which 
compensates the operating point drift of a Mach-Zehnder type optical modulator with a bias control means, 
and it is superimposed on it with a dither signal, and it is impressed to the bias terminal of a Mach-Zehnder 
type optical modulator. As for a Mach-Zehnder type optical modulator, since an operating point drift is 
compensated by this, the quality degradation of the transmit light signal by the operating point drift of a 
Mach-Zehnder type optical modulator is controlled by it. Here, since a low-speed thing may be used, a 
lightwave signal/electric signal converting means, and a phase-comparison means can be constituted 
cheaply. 
[0078] 

According to the next invention, in the above-mentioned invention, a continuation light light source, the 
pulse modulation light light source of the frequency 2R [Hz], or the pulse modulation light light source of the 
bit rate 2R [bit/sec] can be used for the light source of a modulated light signal. 
[0079] 

According to the next invention, the driving signal with which polarity differs is inputted in the 
above-mentioned invention by two electrodes which a Mach-Zehnder type optical modulator has. That is, 
the Mach-Zehnder type optical modulator concerned is a push pull type, this — the quality degradation of 
the transmit light signal by the operating point drift of a Mach-Zehnder type optical modulator is controlled 
— in addition, the reduction effect of the chirp contained in a lightwave signal is acquired. 
[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram showing the composition of the optical transmission device which is this 
embodiment of the invention 1 . 

[Drawing 2] It is a wave form chart explaining supply control operation of the bias voltage in the optical 
transmission device shown in drawing 1 of each part (when bias voltage is a right value). 
[Drawing 3] It is a wave form chart explaining supply control operation of the bias voltage in the optical 
transmission device shown in drawing 1 of each part (when bias voltage is a little high from a right value). 
[Drawing 4]I t is a wave form chart explaining supply control operation of the bias voltage in the optical 
transmission device shown in drawing 1 of each part (when bias voltage is a little low from a right value). 
[Drawing 5] It is a characteristic figure showing the relation of the output (error signal) of a mixer and bias 
voltage which are shown in drawing 1 . 

[Drawing 6]I t is a block diagram showing the composition of the optical transmission device which is this 
embodiment of the invention 2. 

[Drawing 7]I t is a block diagram showing the composition of the optical transmission device which is this 
embodiment of the invention 3. 
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[Drawing 8jl t is a block diagram showing the composition of the optical transmission device which is this 
embodiment of the invention 4. 

[Drawing 9j lt is a block diagram showing the example of composition of the conventional optical 
transmission device. 

[Drawing 10] It is a wave form chart explaining supply control operation of the bias voltage in the 
conventional optical transmission device shown in drawing 9 o f each part (when bias voltage is a right value). 
[Drawing 11] It is a wave form chart explaining supply control operation of the bias voltage in the 
conventional optical transmission device shown in drawing 9 of each part (when bias voltage is a little high 
from a right value). 

[Drawing 12] It is a wave form chart explaining supply control operation of the bias voltage in the 
conventional optical transmission device shown in drawing 9 of each part (when bias voltage is a little low 
from a right value). 
[Description of Notations] 

1 An input signal terminal and 2 A continuation light light source and 3 Mach-Zehnder type optical 
modulator (MZ optical modulator: single type), 4 A drive circuit and 5 An optical coupler (CPL) and 6 A photo 
detector (PD) and 7 Preamplifier, 8 A mixer and 9 A low pass filter (LPF) and 10 An adding machine and 1 1 
DC-bias voltage source, 12 A dither signal source and 13 A superposition circuit and 14 A bias control 
circuit, and 15 and 34 Termination machine, 16 An optical power terminal and 17 An operational amplifier 
and 18 A control-objectives volt input terminal and 19 A coil and 21 A pulse modulation light light source 
and 31 A Mach-Zehnder type optical modulator (MZ optical modulator: push pull type), 32 
A phase converter and 33 Divider. 



[Translation done.] 
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^ © ta tg 5 # - je t? * n it mii*^#* ift^^F'j 7 mtl*5ot% ft ft fi # © 

6 K * ft ? S £ ^ 5 M m if So S o KHHcli, fi S? £ ft t> ft 6 <T £ * 5* * fc <fc S 
K'J7h fc, MfcffljtaLfcD C «JEEtfjtS?MK:#jaf «k o T K U 7 h t 
«DCK'J7hiitf*8. cn5©KU7hfcJ:Sftftj6S»*4llfi*"*;fc*tex 1 8 ft 
fbftj&fcftS.fcSfcDCfiff (/W7^S£E) ^BlintS C i: A^gt'feSo 

[ 0 0 0 9 ] 

2*#ILT, ft * © M Z ft g 39 ^ % ffl Wc ft £ ft & fi T? $ ffl $ ft T ^ 
SMZft«IBffi©-'W7XtiJBE^*&SiiW^ji*l»Wf So ftfc, B9«> M©ft2HIS 
10iIflJ^^t7P>y7it'$5c 0 1 0 fi , 19t:^tf*(D)t^Igf 

xmi±ofc$$mmmft*mmts&i$(Dfc&m~?sbz> c ^ 7 x * i± # ie l wa © s £ ) 
o 01 1 fi > 09ic,Tst^*©ft^fiSfiT©/W7x«i±cofi±^$iji]Kjft^i^0i3-rs§ 

»©«»H*e** (/W 7 XftffitflE L VMfifr 6 gTK^*l&) o 0125*. BQfcSt 
^*©ft^figH^©/W7X«i±©ftt$&fi]»»ft%iKHJ!t-S#a5©Mfl5 0T ; ^S ( / W 

7 X « E IE U ^ fit & =g T ffi V * £0 o 
[00 1 0 ] 

09^^-rftS-figfit±, ATJft^i&i? 5 1 tf^W3f7 0ta^ftftM5 2 tMZftE 
M5 3 £VttlSltt5 4 £f*M6 4fcftffl7J^?6 5 il ^ 6 ft S lif t , ft # 7* 5 5 
5£7*h#V*~F (PD) 5 6k/tyF;U7^H5 7fc7'J7y7 5 8 i;U7 
X ifiij W 0 8 6 2 3 >f ;l/ 6 9 ^+B§§ 6 3 ^64S/W77lffSI9S tfiSSnt 
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^5. ^ 7 X M IP Is! K 6 2 & , 5^-9-5 9tn-/U7^^ (LPF) 6 l » * it 
*§ f§ 6 0 t to H g§ 6 7^DC;W7X|6 8fc*fAT^5, M if M 6 0 © IE ffl A ?3 

t8 ( + ) its mmsmmmxii^^ 6 6 Kmmtnxv^o a a, k 9 f± , 3^/1/69 
^f?M6 4*^stiTi^tf, 3^;i/**tf**s*rtiK**Mz abatis tjasn 

[001 1 ] 

a ti m % m =? 5 ik it % ® a 1 r [ h z ] oissf^Au^^tis, c<o«ssi r 

[Hz] © IE K » II *l fcfc x f/W^70fcT2»HtSn, -##Mia»54KA2jStt 

1R [Hz] OIEK»f^*2 Vj$T?HiL, l«!lt83>f>*li:J;oTDC*»t 
*yhLfeffi»lM#*MZa3tSiSlffi5 3OJEI&4Stc:m^-rs 0 J§g »] [«] j£g 5 4 3 

>fyt*fi«l4^«^tt, M@gg5 4©MKiI;©fci6fc, I*i!i[I]gg5 4i:MZS 
ft£H»53fc©Hfc3>7*>-tftf&fiTP*;6o 9 ffl 88 6 3 B , f^/H^7 OA^A^ 
SftSJS&RlR [Hz] ©EMM^©ftffl£lllil LT 5 9 ©-7?© A;Wc^ 

[00 1 2 ] 

m z « s m 5 3 it, mmytytms 2frz k%znzmmx*msh®ift 5 4 ^ s © n ®hh 
[Hz] ©/<;bx?ij3t<s#*Hi^-r*o sisnft)ti§a, ^*yv55*^LT«Hi 

£4$^6 5*6»*K|ii»«n, -»*i«5t*^75 5*6PD5 6 fc A *f S ft S . 
[00 1 3 ] 

P D 5 6 it , It* 7*7 5 5 5 AftSftSftfl^**^*!*! KgJft-TSo *&Attlktf 1 
R [Hz] ?*8/^F;U7^;H5 78, PD56©ffl*fl^*EdStl«H«»l 
R [Hz] ^^©fi^^ttffl-T^o ^'J7^^5 8(i, ;^H/U7^* 5 7 0W*a 
*t * * M U 5 + "9- 5 9 © flfi 7J © A *J W fc # A § o 
[00 1 4 ] 

9 it , 7 U 7 > 7 5 80tfJ*fi^fc»«»6 3©tti;*j£*li:*&ttWLTra*ifc 
»*£fff So LPF6 1S, * »y h*7[51M^ 1 R [Hz] <£ D t>+#ffi^*fc»3£ 

5 ft T & 0 , 5*t5 9(0|lli]fl)?*6DC«»O»*||llllJt*. jRX«l»6 0tt, L 
PF61^W^-rSDC^^fclfiiJ»a«*ffiA*«l?66©A*fg^fc©^»iili*ff? 

o mn, mmunnmxtimf-G 6<oxi3i&%ti-eu"c&& 0 toss 6 7 a, d c ;w 7 
XSI6 s ©tfj^Mi^f t ^UtifM^ 6 0 ©ft#{|*f a o4n»*ffv^ /W7xtff*»i 

So 

[0015] 

C © <fc 5 fc > / W 7 X * EE mU ftl HI SS 6 2 t? {4 , 5 * V 5 9 © ffl *j fg *§■ 6 M M ft # t? * S 
D Cffftftf L P F 6 1 KTtttilSft, C © ^ M M *f 3?J fP S ffl IS © £ # ffi * m *§ 6 
0 E T # tf> 6 ft, i* g iff £ m 6 0(DtBi]i§fcftODC/H7Xil±t^i)D»^6 7t 
T W S £ tt\ &M*f#M Z3t^pt§ 5 3 fC # A S /t ^ 7 X *EE fc 3 ft, 3 ^ 
;l/ 6 9^/rLTMZ)tf 1^5 3 t±t *g £ ft S 0 
[00 1 6 ] 

ttlfciot, MZ)t«|»5 3t*OTtt, Mft3fcS5 2**6AWSha*tt3fctffil 
tAA*?5 1^6X*«tl*«*»l R [Hz] ©jE«Mtc£oTM£ft, IDS 
ft2 RO;^7«3t«ftfK(llAI?6 5 £ ft g|S tfi & £ ft £ 0 ;W7X 
*J±$iJfflI^{Cj:-3TMZ) , figPS53tCgjiiS:»l^^T$^W{C»){t1-S<fca*M^7X 
It EE © « *S M ft S £ & S 0 

[0017] 

6 *K 7° U 7 y 7° 5 8 * m & 7 y 7° t t S C tt £ 6 K 9 $ L ^ 0 $ fc , /^F/U7^ 
P L L4Jf*ffl^5:ttT't5o 
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[00 1 8 ] 

HI 0-H1 Z ^#ILt, ^-fTXWffiO^I&ftiJtPlftf^fc^^TSiWrSo 0 1 

otii, a w r x m s. # m l < m s s ft ft fc * © m z ft g m gg © a ft & m s n t ^ * 0 a 

U 9 (MUEt) (a) fflffift 1 R [Hz] 0|»ig^^U7X«fffctf&SS 

ft ft m # t* & § o Si ft 4$ ft ft m ( b ) it, a ( 2 ) t % 7L <b n § m z ye g n m 5 3 © m ft 

M * , ( c ) tatJT^fc, MZ^SH«53^6Ja»a2R [ H z ] © a? ;l/ X $ ft <M *§- 

tftu^snso &/s;i/xft&, gstf»oT^*, 
[00 1 9 ] 

c © « £ fc a % ( d ) fc ^ f <fc 5 fc , 7° y 7 > 7 s 5 8 6 B , -MWOl^Jl/ft^fftti 10 
^fflgg 6 3 ©ffl^jtt, ( e ) tjRtiH, J§1M 1 R [Hz] ©!§giHI!*§T 

ffiHSLfci|0^t5 9(D(iJAli, £ lit C £ 7° >j 7 > 7° 5 8 © ft 7j M , ^IS A £ f£ 
ffl886 3<Dtti*jffifi, e^MliffittSL CxAs i n (2/rXl Rt+0) 
• • • ( 3 ) 

[ 0 0 2 0 ] 

L P F 6 1 © * y h * 7 ft & ft « , 1 R [H2]fcJt^T + «-tt<»S«nT^*o L ft 
^ o T , LPF6 lOlliAi^li, ( f ) fc ^ f «k 5 fc , 0l/^;btS5„ 1413^ L 

p f 6 1 omtnat, sskir [Hz] *»sft&^cfc#fe*»*o 20 

[ 0 0 2 1 ] 

8 1 ^ 7 X « EE IE L ^ m Op 6 V ^ ft f> t * © M Z ft S 11 gg © $1 ft ^ ^ S ft T 

A^fgSf (IE Hi* EE) ( a ) ti % aSSlR [Hz] © jg id ft ^ fc > W 7 X « BE fc 

tf^issnrcifpts, «i ft ft ft ft n (b) it, a. (2) * e> m z ftgmgg 5 

«Ci:*<iShT^5, * © « * , ( c ) Cgti^fc, M Z ft £ IH 2§ 5 3 & Hi 7] £ ft 
[ 0 0 2 2 ] 

Z<Dm$ Kit, ( d ) (C^-T <fc d > 7°y 7 > 7° 5 8 S> (i> JSi£&# 1 R [Hz] © ff 
^ Iti * * ft « . Mg§6 3©tf}77fi, (e) fc * lT J; 5 fc , 7°U7>7°5 8©tti?3M 30 
fc H ffi T? * % „ LfetfoT, 7'y7>7'5 8©ffl;bfI^fc&tB§g6 3©ttJ7j{§^fc£gKt 
KLTM^SLfe^OU^59«aij]tt, £I&A£if£fflg§6 3©ffi7affi*i, /E ISl B 

* 7* y 7 > 7* 5 8 © m tj fc -r § fc , 
Asin (27cXlRt) XBsin (27tXlRt) 
= (AB/2) X {cos (0) -cos (47tXlRt) } 
= (AB/2) X {1-cos (4?cXlRt) } * ♦ • ♦ (4) 

fc&3o 

[ 0 0 2 3 ] 40 
L P F 6 1 OAy F*7^iSI(i±, 1R [Hz]fClt^T + »fg<^S^ftTV^S 0 L ft 
tf-oT , LPF6 1©ffi7j«> AB/2t4S„ LPF6 1©f±|7jfH^«^ ( f 

) fc ^ f <fc -5 fc , jE#fl0DCfi9fca(K J9 J6# 1 R [Hz] © M AH* ffl 7? * S C 

[ 0 0 2 4 ] 

0 1 2 T*(i, / W 7 X * EE ^ IE L ^ fi A> & ^ Jf> fg fc # © M Z ft SE M © M ft # ^ 5 ft T 
^5, ATjfg^ (J^»)'«EE) (a) tt, SStlR [Hz] © K Hi ft # fc /W 7 X « EE fc 
*^J«*ftfc«#T**o KlftftttftIS (b) (4, 5S (2) T?-5;t&ftSM ZttgaH885 
3 © H ft # 14 ft H * & L T -S o ^ 7 X * EE ^ IE L ^ ffi ^ 6 ^ fg fc fi % « ft T ^ 
§ d fc tfgSftT^S, ^©ISS, (c ) fc^f«fc 5 fc, M ZftgM5 3 A^tH73Sft 50 
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( c ) fcli, ffiffi*M 8 0gfhfcS«i:S:oT^5, 
[ 0 0 2 5 ] 

c © m & t » , ( d ) ^ -r * o tc N 7 y 7 > 7 5 8 # s « , sis 1 r [ h z ] ot^ 

^ tti 7J 5 ft * o tffii6 3<9(ii^(i, ( e ) Kgt±5fc, 7 U 7 > 7 5 8 © Hi /j fl t 
lffit*$5 0 Ifttfot, ^'J7y^5 80tt|*if i:»fiB6 3 0Hi*flf 
LTBMSlfcfc «OU1f5 9®ffi*|tt, £»A*fcffl«8 6 3 © 111 ft Jg te , j£ 8 B * 
7 >J 7 > 7 5 8©W^lS*it-r«i:, 
Asin (2rcXlRt) X-Bsin (27tXlRt) 
= (AB/2) X i-cos (0) +cos UrtXlRt) } 
= (AB/2) X (-1 + cos (47TXlRt) ) • ♦ * ♦ (5) 

[ 0 0 2 6 ] 

LPF6 1©#<yh:*-7JS®$Cfi, 1R [Hz] (Cjt^Tt»fi<iI^nTV^o L fc 
^'oTs L P F 6 1 © (±J 73 t i , - AB/2J;6§„ Of!), L P F 6 1 © Hi 73 ft *f fct , ( 
f ) * f «fc 5 , I^^ODCI^^D, SttlR [Hz] 0fg#tffcffl-e£*<: 

3^ t> <P * a 

[ 0 0 2 7 ] 20 

CI © <fc 5 L T , ^ ^ 7 X « JE © g i§ j£ 5. © -f ft E ft JS L fc H g fg # ^ L P F 6 1 £> 

tH tj $ ft % o cowiSM^offittti, >r 7 x « /£ © iE l vMi ^ e> cd -r n © -n fa k & c x 

SKI" 5 ©7?, /W7X«flE*MW-r*#fa*Sl*e:fctf-e**, l/fttf^T, cell 

«t*iSl)|t«i»6 0lCXijL, 7 * - FA-y tmWttftS £ t 7?, MZft^iW5 3© 
$J M F V 7 Ktf $ £E ?• £ 3 o 
[ 0 0 2 8 ] 

1 RJSStfPji: It 5 [GHz] <D{f*ftfffl^£>ft5o L fc o T > PD1?li, M Z ft 
««»OffJ*3tfll9*6 5 [GHz] Oi»»St**|lit8i»gtf»*. ^©<fc9&i; 30 
igPDti, Mt'J5„ Sfc, 5 [GHz] f$5/ryFAX7^H, 7 

[ 0 0 2 9 ] 

c J; s at m # m © p° H s * f b # m ee t* ^ § ft m m m m % m & t t * a « t -r s 0 

[ 0 0 3 0 ] 

±EBW*afi)t-rsfei6tc, d<o«wK*>^«)ti3SMSiitt^ $ & m ft m z m m m si- tc 

I^TgI®ILT)«a2 R [Hz] © h X JIJ * fl| ^ ^ W ?3 "T S V «y ^ 4 V x > ^ 38 ft 

miev >v M»y x >^SA%H8IOBtti«ltt'lk l R [Hz] ©©^tffiMiftKO 40 

*t58i?Sk, ME7 >y M>y x > ^"Sft^Pgg© Hi 73 ft fit ^ ^ * ti3 MIEx-r ^'fH 
[ 0 0 3 1 ] 

co»WEJ:htf, V » ¥ IS «fc o T , 77A7iy^i^g|giCllSStl R [ H 

$ n s o 7yAyi>^ajt«ajso/W7x«E(i, ^-rT^sj»¥a^6««&*ns 50 
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a ft ^ <o tt it m & f? t> ti § o o t 1 1\ ^ 7 x mi ® m. r , ^ <r> © ti it « is * ft 

[ 0 0 3 2 ] 

-D€<Dmmicfrfr%?£mmmm&, tmonrnt we/w 7 xtjip^ luia 10 
^7 7 y ;i/ # (o m 73 m # t sij w s s m % t © m 9i m m t %> m n s t , m is m is r- a « 

[0033] 

c © B HB fc <fc ft tf, ±E©fgiEfc«j^T, /W7^fflfl¥gt?(i, ffifflJttt^SOHJTJM 
f ^n-;U7^HiaA^n, ffiffl Jt S IB «tf ##tt tti * tl * « n-M 

[ 0 0 3 4 ] 

2R [Hz] O^/U^JftStSHl^tSvyA'yiy^SJtsasi:, IE^a^i 
>«ftl£M©]MMIS( 1 R [Hz] OWE«»ffl#*»*LttET-y/\yi>^§B 

mffiKflEx^lf^^^fiaLTSilET'yMyxi/^liJtaMllfctti^-rS/WTXiSiJfP 
[ 0 0 3 5 ] 

COSHfiKinB, V^A«yi^SfglS(i, B»¥atf»4-rs«»« 1 R [Hz 
] OlHifEioTliSnS, tyAfiy?ajt«i«0/^7Xtffitt, 'W7 
cto^UTXtEtii, ffi Ji j& $c © -7 -r if ft ^ jt fi £ ft 
T^§. Lfc#-?T, t 7 M>y x > #"Sftg818g©flatt«*tK: 7 -f ifO^tf ft 
T 0 C©7 s -ftf^#tffifi*ftTV'«3>W7*«ffi©#i|i&tts &©«k5fi:LT7>f- 

$nsf-ffg§is»js'ttiiisns, ?lt ( ttffijttfc^f&fc-c, ye ft # / m M fi (§■ g ft 
¥ a o in * ft ^ 7 w ^* {i <d hl m it to ft ft t> ft § „ -d^t, /wrxsjs^gtT* 
cd is « j± « its * m % tc a -3 * ^ y m y x y # m yt % m m <d m & & <d m m m # ^ m & * n , 
ttiu«nft»ii^*'v-yAyiv?iieas»(DftftjS fu 7 ^nt5/W7xi 
Etc^ft^n, f* y if # « k a « « n t v y ^ y 1 > ^ s 3t a ii » o w r x « ^ k bi in 

[ 0 0 3 6 ] 

Su S fc{4«®« 2 R [Hz] ©M;l/Xg»3fc3tW&v^ Ltt HyH/-h2R [b I t/ 
sec] O/^l/XSSJtitSfrSSlSJtlSCtSWattS, 50 
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[ 0 0 3 7 ] 

CO^Ifltinif, ± IH <D 3£ EE £ & ^ T , MfH«flft{t^cDft$U;:«, MftftjgL $ 
fcMM 2 R [H z ] cD^/VXMftftjgft^ Lti tf <y h b 2 R [ b i t / s e c 

[ 0 0 3 8 ] 

0 *f cd & 0J§ s ft £ fi £ B it , ±gBO»mic*V'»T, ffi IB v y m y x > §a ft £ H f§ 
[ 0 0 3 9 ] 

£ (D % m ic £ ft if, lEOSBfcfiv^t, i£v-yA^i^jfi)t^iSit^t5 2O0 10 

ft fl t a , *tt #g * * *» fi * * a # * n * . -r ft ^ > ^ k ^ v ^ y x > ^ss ft s m 

6 it > yy>ay/PiTS5„ 
[ 0 0 4 0 ] 

[^Mffi^in 

lt§, 
[ 0 0 4 1 ] 

m ffi(DBMi . 

Bit*, ^comncD^mco^m \ x^^ftmm^m.<Dm^^^tfu v ^itss. hi 

t^t)tllli!i, Aafi#tt?lfcB»ftft»2fcMZft£j!Sg83fcJ»SS[liK4fc*S 20 
SB SB 1 5 i; ft tij ;/j « ? 1 6fcfr64*aSfll5Rfc, *A 5 t 7 * F F (PD) 

6^7'J7y/7 ^;W77li@Hl 4t3^/H 9 fcf^ff ii|-g 1 2 tlI0f§ 1 
3 i:A^;S;i^H7Xl)±|ja^i:t*ltS?tiTl^o SftHISSl 3 ti , li » HI & 4 © ft 

t>m% t^j *rm%mi 2 *> 5 © ^ * * fi % t % mm* % «t a £ ft o t ^ § „ /wzxa 

ft H ft 1 4 (2 . Ut8i:D-;U7^H (LPF) 9^MiilRil 7tDC/W7 
X * EE » 1 1 to W 2§ l 0 fc^rfix.TV">?>o 91 W 41 W 3§ 1 7 © 'IE ffi A ts * ( + ) t* » M9 
SUMS-ktl^^ I 8fcSI?tiT^5o ft , 11 T*ii, n^/l/i 9 £ ft AM gg l 5^^ 

«nn^5fii, n^;H5J:tf»«i»*rtK > r*Mza%a«»t,»i6nT*t), 3 >c ;u 43 

H tt*JCttT? lift V». 

[ 0 0 4 2 ] 30 

xAi9»fitB, m z ftsn# 3 ^Ktt-rsasa 1 r [Hz] viEftmmvtfx)) 
$fts 0 ik«i@ks 4 it, ktims§^T 1 icwtoznzmmmi r [h z ] ©zEK&fi** 
2 v « ^mbi® 1 3 icmtitZo aamss 1 3 it, ? 4 

ffil 2^«4tSfiSift»f d [Hz] ® T * If f,f i > fjj i»] m 4 ^ fli /it5 I< lij f, i '} 
t^IlL, rtlt53yf>t£±?TDC)S^«*>y h L fc IK Si) fi # * M Z ft g M gg 
3©i§gMfctt};>J-f§o ftfc, ii@SSl S^^f^iMLS^l&tt, fig HISS 

1 3 o««B&±<Dfc«>fc, a a mis 1 3 tM zs^tiis 3 tciEn^fvtA^i 

[ 0 0 4 3 ] 

M Z ftMgg 3 fi, Mftfti* 2 & AM £ftSMft£fig[I]S& 1 3 frZcDMMiim t 40 
3^;W 9i^?)DCi^ fcfcfleoT*B«ia*fiV'», fl ft ft 2 R [H 

z] ©></l/X5iJftM^*fii?jTS. ^l$£ftfcftfi^«, K*^554M,TKlliA*f 
1 6#&tt»K:ffl**SfU - SB ft * 7 5 5 6 « S ft P D 6 A 3* S ft S » 
[ 0 0 4 4 ] 

ft #75 5^6A»«ft*3tfi^t&*ftS«Htft«»1»*S^-f»f«^«ia 

»%*«M#fcg«i-r §o Lfe^oT, p d 6 (i , fiaoto^ffl^ens, ■fvry-f 

7 It. P D 6 cDtfj^HMfS^tifa L, 5 8 (D - <D $ So 8«| 

LfetfoT, 5 + U- 8 U , ffi JI ft -r if fi ^ IWF ± <?) fi ffi hb© * ff o C i: C ft 3 £> T- , iS 31 
CtCiJ'ffll^tlS. 50 



JF 2UU4-i/64/ A 2UU4. L. 5 



[ 0 0 4 5 ] 

5++>-8©tfi£;f4, LPF9KAi]?ft5. LPF9©a*yh*:7MiSSfci:, fd [Hz 
] Jt"*T + #te < ISJgSftT V»S 0 Lfc^oT, LPF9&S 5 * tf 8 © ft 7l fg *f 6 
DCfiR»0**ttHi-rSo iH^iSBffi 1 7 J4, ^fflA^SS (-) tCEflfiq^ftSLPFg© 
W^M^fclEfflA^iS ( + ) fc8lj(iqSftS*J»BMEEA*jiS?l SOX^if toil 

DC;W7xtIi 1 ©fib/jM £zgwti<li#§ 1 7 ©fib?j{I*f a ©*nil£?T v», /H7X 

tE*%4t§„ /U7XtEf^ 3^*1 9 £ L T M Z ft M g§ 3 © fg SWc ~^ S 

ft 3 0 

[ 0 0 4 6 ] 10 

C CO d: 9 IC s i W 7 X « JE M © it % l 4-eii, 5 * if 8 © f±5 # fl *t 6 $1 m m *f ~Q & %> D 

cjs#ffLPFgfcTSuasn, ^ © m t Jtr$ § m © m ^ m ti t§ 1 7 1 

T*»5h, iSWiSfiffi 1 7©ffl#e^fcBr3£©DC/W7*«JEfc*iqW»l 0 tc Tin 
Itsci:?, lil^^M z ttgfflffi 3 fc#3.S/W7X*JEEK:&»Sft, n 4 to 1 9 

[ 0 0 4 7 ] 

X**?l*»6X*Sti«Hift*lR [Hz] ©EKJfi^^fciSiSKftfd [Hz] ifiM. 

isnfciii^ioT^isft, 2 r [Hz] o^;i/^?ij^m#*^ai^is?i6^6 
a as £ a w <* n 3 0 *©iiaT», /wrxiffMiia^T, Mzxsii»3c^bR 20 

I4ftttjfi?fi««fcifft*±5 4/W7XlEOttl&IWi!S'fft>n*Ci:ti!l:6. 
[ 0 0 4 8 ] 

H 2 5 *#JHLT, 0 1 K/T*bfcttaS#«B-efrton*>W7X«ffi©«i&IM 

sji^ie u^fflfr 6 e^FiK^w^) o 04(4, 0 lie ^ ? ft m.m m m u © ^ 7 t. « je © 

^*&IW!Bft^*attWrs*a50«^H-e*« (>W7X*!£tfIEL^ffifr&:g=Fffi^«£ 
) o 0 5 (4, 0 1 (CTn-r L P F ©fibTj (Hii^) fc/U7XlEt«i«^*t#ttI 
t'SSo 30 
[ 0 0 4 9 ] 

H2ftt, >W7X*ffi#IEL<tt£Snfcfc*0MZ««H»3©l&fttf*<^T^S 
o X 73 O 3 (EttS) ( a ) (4 , MZ5tgiBgg3(cX7j5ftSffi«|5lKl 3 CD fib # fH ^ 
^SLTt^„ -rV ifm^m 1 2 5, tB ;>j £ ft fc ffi JSI M f d [Hz] ©fV 

aaiiiKi3fc±oTffi»ii5i»4A^tti^-rsMz>tsgisg«i!iM^KsasftSo 

[ 0 0 5 0 ] 

fM^ffttM (b) J4, S (2) ?5*&ft3MZftglil83©lH1:ftttlfi*8**LT^ 
§ 0 /W7XlE^iEL<iSJtlT^SCfc^fsJtiTt^„ * © *S * , M Z ft £ M g§ 
3 ©Hd^ft{H^e:t4, ( c ) t^t J: 5 k:, JS«« 2 f d [ H z ] © ft A #ft ififS * 
tlTl^o PD6J4, C©aS?!2 f d [Hz] © ffi MJ ffi % # ft * « M fl % iC £ m f & „ 40 
[ 0 0 5 1 ] 

C © 41 £ fc (4 > 7 U 7 > •? 7 © fib 7J tC (4 , ( d ) 1 75 -f * 5 £ > St IS 2 f d [Hz] T* 
& Z> M f A\ it '} U Ml5 c ( e ) (4 , -r -i if ft ^ M 1 2fr5fcU*j£ftfcr-f ^ ft *f i6 * 
^LT^§ 0 ^U7>y7©fib^fI^fcT ? ^1fM^fc^&(fWLTlRl»3^!SL/c < l:^©$ 
+ -9-8©tB^t4, %R A%x^ IfM* 1 2©fib?jM£L, SSB « 7*'J 7>7"7 Offi 
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Asin (2wXf d t) XBsin <2*X2 f dt) 
= (AB/2) X {cos (-2 7CX1 f d t) 

-cos (2ttX3 f d t) } • • • • (6) 

t & « o 

[ 0 0 5 2 ] 

LPF-9 0*yh*7J9Sfttt, f d [Hz] fc it << T + SMfi < mfe * ftT V^S 0 L & 
5t, LPF90tB7Jtt, (f) ^ *- * 5 IE » Ol/^^fc65 0 tSfc^, LPF9© 

ffi^t f d [Hz] of^ irmm&ft&mMzti%^z t&t>&*o 10 

[ 0 0 5 3 ] 

' W 7 X '» BE tfi IE L V»* 6 ^ ^ ft ^ £ 0 M Z ft & M gg 3 © «j ft jj* £ ft T 
V^S 0 A*fl*§ (KftUffi) (a) tt, M Z ft & H ft 3 IC A ft £ ft £ g ft M Jft 1 3 0 )) 
l^*«LT^8. r * -iffg^ii 1 2 6 tB*j S ft fcffiffi&ft f d [Hz] OrV+ffl^ 

a, ifismsgi 3 k «fc -3 TMisisg 4 ^t±i/j-r § m z ftgiBffiffii&Mfcsss ft& 0 

[ 0 0 5 4 ] 

ISMttM (b) tt, S (2) T?4A5n5MZ)tgaS3 0|lff«pttll«*^LT^ 

SS, M Z ft g III m 3 © tH * ft ft # {i , ( c ) fcSti^C, J9 ft f d [Hz] © ft 
H«»#tttfS*ftTV»*. PD6ii, £0jS$ftf d [Hz] <Di£®$Hkftft*mnm 20 

[ 0 0 5 5 ] 

C 0 if & (i , 7 U 7 V 7 7 0 & ft £ fi , ( d ) * f * 9 tC , S ft f d [Hz] T* tb 

(e) «, r -r if i 2 tij** tiftx-f ifm^mmzm 

LTV^o (d) *$<fctf (e) Tfti, 7 U 7 > 7 7 0 tB * ffi « fc f * if ft ^ tt » ffi © 
lilCibS, x-Y^ft^-tDfuffl^S^Pi: L/iSp, 7 U 7 > 7 7 © tfj * fit *f f* w "9* if 9 
t£gH7l?LT[1^MLfc££054^80d3ft&, £ ft A £ * if fl « 1 2 0 if} ft 

Asin (2?rXfdt) XBsin (27tXfdt+7t) 

■3(1 

= (AB/2) X {-cos (0) +cos (2tcX2 f d t) } * ♦ (7) 

[ 0 0 5 6 ] 

LPF 9«*7 ht7Sia(i, fd [Hz] fCit^T+#f£<tS£SftTl>£o L fe 
o T , LPF90tfjft«:, - (AB/2) £ & 3 0 L P F 6 1 © ft ft ft # fi , ( 

f) Kmt&oK, M.?3fa(D D C iE t f* 0 , Sttf d [Hz] Ot** -»fM###tft& 

[ 0 0 5 7 ] 

l<^. AAi* (HffE) (a) (i< MZSfIS3{CAA2nSil0fSl 3©(Bi] 40 
|ft«lTl>l. r* ifMM 1 2 5> tfift SftfcM^ft f d [Hz] 0x*^'fi5§- 

(i. aaiassi 3 \z <t ^ rmmmm 4 tftfjft t « m z #i£!«i!i&€^csft s ns, 

[ 0 0 5 8 ] 

ttf^1#ttlft» (b) (±, S (2) etlSM Zft^pgg 3 Ol*flF«Mtia«*^LT^ 

So ;W7Xf EtfiELtMS^5V^1^3T(:iS5nTl^C fc^^jntl^o ^0 
IS H , M Z ft g ri g§ 3 0 tb 73 ft ff *f tt > ( c ) {C ^ "T & 0 fC , 0 3 ( c ) t « ffi ffl T* * 
SISSf d [Hz] OffiSligft^^^^StlT^So PD6B, ilCiStf d [Hz 

[ 0 0 5 9 ] 

C 0 if ^ \L f± , 7 U 7 > 7 7 © Hi 7J tC tt . ( d ) IC ^ -T J; 5 C , H S ft f d [Hz] 7? 50 



U'U 
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&%mnm^tfmh n^ 0 (e) a, xV^m^^i 2 ^sm^jti/cf^ 

m 1 x ^ % o ( d ) fe.tr; ( e ) T*a, 7 u 7 > 7° 7 © m * & m 1 7 < vm % m m & in « 

OS«K*5, -rV +f fit *f©ffi*a*g* i: L 7 U 7 y 7 7 © til ts ft £ -r >f -*fff 

* t * snt * l t m mm m v ft t # © 5 * v 8 © m * & , laA^f^fifiii 2 © ai 

As in (2*;Xf dt) XBsin (2*Xf dt) 
= (AB/2) X {cos (0) -cos (2 7CX2fdt) } * * (8) 

[ 0 0 6 0 ] 10 
LPF9CAyh*7lfi»H, f d [Hz] Ktt^Tt^lUKKSSnTV^, L ft 
oT, LPF9©ti}X7ii, AB/2tS5. 0^0, LPF90m*if(i, (f) 
f £ 5 fc, IE#fa©DC{g*f£&D, ISSf d [Hz] ©<r-f*fM^fi8»^ttfflT?tS 

[ 0 0 6 1 ] 

L P F 9 CD t±l ^} fc>W7X*EEfc©B8ffiH:, «itfB5fcjRtJ:9lEftoT 

£#7*0, MlcOM/btflJJti. * C*>6±»«*iE«tt ( + ) f$0, Ttftfft 
itt (-) 7»SHTl^ ( 20 
[ 0 0 6 2 ] 

0 5 \Z. fe V> T , / W 7 X % EE , Hlffi^olcS'lT^Ti^ttli, ISM M fi > 0 
L"< ;P T? * S , 0 2 tc ^ l ft ^ - X f 4» § o ;W7X1E*«, ftXtEEj&Ofr&ftttfcflg 
5E $ n £ 4: > K IS ffl # 14 , 0U^;l/fr6H*tt«K:»fftfcl/^;Hca:*„ H3tgLfc 
^-Xf £5 0 /U7XtffAK M«JEEj6 0fr&ffii&i«:f8J££n* fc* If l^ti, 0 
1/ ^ ;l/ 6 IE £ 14 M K W> ft L ft U ^ ;b £ & 3 6 i 4 L/c^-XT'feS 0 
[ 0 0 6 3 ] 

C © <t 5 K % LPF 9fr5tt, ^ Y 7 X H II © g jg j6 0 5 © f ft fc *t jtg L ft £ g ft # 
tfj73 £ tl5, L ft o T > HMfI#^ 0 U^^fc £3 «fc 5 fc/W 7 XftllP ESS 1 4*MZ 

«*««3 KWJta-rs/wr x«E*«y»-r*c fcT, m zytrnm® 3 ©ism k u 7 h 30 

[ 0 0 6 4 ] 

mmomm 2 . 

lea, <KDmw<Dmm<DBm 2 fs§)tiigi0«i*^t7o «y *ht»«, &fe 

ntl^o Lufii, MtMOjBM 2 Kfflt)%>$ft%: { P'bKM$%'?%>o 
[ 0 0 6 5 ] 

0 6 t^-r <t 5 E, £ttOJBtt2K:<i:Sft3SMBtt, mffiommi (01) £*Lftflt 

fig k fe 1^ t , a m m m 1 3 * ^ i» l , An g » 1 oicT^wyxiEcf^fi^ii 2 ^ 40 

'"j © -r -i" +/' <r? '} % >R fits i^cLti^^ 
[ 0 0 6 6 ] 

cofcriuctfttf, mm<D&m 1 t ra«of^ffli»**«i» c ?t w^^? 1 e ^ e, m its 
n*^M#tfett5MZ«*«»30»f^jiSFU7hteJ:* l aK3eft:*Milli!l-rsj:t ^ T- 

[ 0 0 6 7 ] 

USSomSI 3 . 

, 0 7 1 h , m 1 rcmtfttm~%^L &mwx»&%Mf£t® ft icitm~(» ft ^ ft n 2 



U2J 
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[ 0 0 6 8 ] 

0 7 \z m t £ 5 \l , M © M 3 tc £ 3 ft £ ff £j ■ & ^ MM<DBM l ( 0 l ) ^ L ft «l 

« t *j v> t , a fit % ci 2 k ^ * r , rtjix&mytytm 1 # st # s n x v> § „ 

f!ftftii2 i (i, R [Hz] ©^/t/X^Uft, *fctt, e >y h U- h 2 R [b i 

t/s e c] ©/*/W*gH3fe*tilSf-f*.Cfctf-e**o 
[ 0 0 6 9 ] 

COcfc?S^;l/Xf i)t)tl2 1 i:LT> M * if s ^l#l/-f ^y^>X^>yf 

[ 0 0 7 0 ] 10 
c©M©^fi3fcJ:ntf, g«©»*lfcR*0ttffl«r*tfffSft* )I5(I1A«? l 6*« 

p. m a* s n s ft ft ^ tc *s w- 3 m z ft g m §§ 3 to £ f u 7 h t «t s a h # <t * -r « 

[ 0 0 7 1 ] 

£ w © m m 4 . 

nr^So ccixfi, ^$1©^$ 4 fcHt>«*»**jijK:KW , r 5o 

[ 0 0 7 2 ] 

0 8 t^-T £ 5 fc, MM<DBm 4 £ £ft£fi§§«f±, «©« l (0 l ) Ktj* L fll 20 
/££fc^T, M Z^%n« 3 fctt*T, M Z ftl£« 3 1 ifi&tt Z ft, ^tlCttl^llS 

32feirff/w^33^i»6nt^s, * fe , ib 3 4 # sSfjsntv^o 

[ 0 0 7 3 ] 

M Z %Sfl8S 3 1 fi, «fi*2 0Wf5^yS/a^;HMZ«S!MSt**. 7*/W*3 
3ti, £ Sis! 18 1 3 ©HJrtMiHB* 2 5#LfcSEil»*«iM*£jaf §0 r7W # 3 

Tl 8 0° gffiStlT/'r>i7 , /HMZMllS^jt0 20?)f|^ISCA*Sn5 
0 OS D> MZft^l«3 l 2 0©*«fc«:, ffiffltf 18 0° fl&SfgMlKKl 

Mtfxasnso 30 

[ 0 0 7 4 ] 

n*3tm^JcfeltSMZ3t^iaffi3ioS&f^^Fy7ht«j;S l ftH*{b*«illiiJ-rsc:i:^ 
[ 0 0 7 5 ] 

W±»iW L/c J: 5 fc, £©MK:<kftH:\ IlfSfciot, ^/vyj^SSII!S 
o«si r [Hz] ©fg^ msm©x^ ^fft £ ©SMff^ft, v7An>^s 

jfftffftfctfJSttSo fit, i4fflJ±«¥HET, ft(i^/m^MMM©tti7M§!§- 1 
r ^ +f fa >•} s © Hi ii m 1 © fi it « # ff t> ft s . o ^ t? » ^ r x m » ^ is t t , * © 

ffi tt! It ft IS m fa s j- fc £ -J £ v «y /^v x >^S3tiEW»oftff jS^WaS^^KktfiSti, 

m«hft»Mit*w*A'yi ^3Jft^M©iMt^ k u 7 h ^mt^wrxiff 
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[ 0 0 7 6 ] 

osfoamuckfttf, ±E©an!K43v>T, ;u77M»fa?tt, ffiffijtK^aom^ 

/<X7*;l/*©m#m#fcilNJ®@«Mfc<Da#ffiiffiSttSo ?IT, ;U7Xlffil 
SiffjSKU7h*ffi«t5;W7^Sffi*4)SL 4 -y m y x y S ft g » gg tc 

«»f«CttfT7SS, 10 
[ 0 0 7 7 ] 

z] ©ffil&Mfcfc-aTei&SttSo V7A>yiy^l^fiSO^U7X«E(i, >\4 
/«MMM¥$fcT«M^«$>2 tu ^ >y x y ^3!ftSiW&©Hi73ftra^fc 

tJti^f^ iff§s»*«<ftms n^ 0 fit, tiffltbK^SKT. ftM/fiMMfg 

R¥9fl)Ul*i^ t-V tfM ©ffifflJt«tffr fens. O^T?, /W7X»j»¥g£T 20 

> * © ffi it te is n ft * k a ~3 ^ v >y m y x > ^ §y ft s » g§ © m ft & © m a m 

n , ^m?n/iiii^^;W7x|ij»f gs:t-7>vA7xy^i)tfigi©lilt^F'J 

B»0/U7Xi?K9liiiSn5o CtilUoT, "ry/Nyxy^S!3t*fll»t4, IittjSC 
K'J 7 htftf«Sft*©*, 7-yAyi>ifSj!eSS|SO»ffjS K'J 7 hfc J; * & fflt # 
9©aH*ft«*«llW*n*. ClT% ftfi^/ilMfg^M^fS^ffimtfS^fSfis ft 3ft 

[ 0 0 7 8 ] 

ojro»i!tintf, ±E©«wfc*^T, Miiftfi ^ojeufcii, >§$?ftftM, $fc 

SIMt2R [Hz] © ^ /l/ X X M ft ft M ft ^ L tt e v h 1/ - h 2 R [ b i t / s e c ] 30 
[ 0 0 7 9 ] 

o r cd is h k «fc n is > ± ih © a m c as ^ t , 77A7xy^i)tti^^st§2-3of 

tt, 7^a7;l/Sf$5o ctiiot, v «y x y *gftSW»©!rftj& F U 7 h fc 
CHl]c©»W©**O«*iT'**^SS««ll<0«lia*^"r^nydrHTf**. 

[12] 19 1 icmtKmmmMT*(D/^Txmm<Di&®m®mft*mwt%&fflo®Bm 40 

"PfeS (>W 7 X HEEBIE L Vffl©i§&) o 
[i3] 1 1 iCSt)tlf gi?(D7U7Xtffi<Dilgffliltti&IBi3t^Sa!OfiJf^ 

[0 4 ] 0 1 Kifv-rft£{issT'©^-r7 x *e ft *«wr §&gi5©M0 

(;U7Xlff^jEL^I*5gffi^l§) o 
[05] H 1 K^-T (KM*) fc/U7Xifft«lii*StittBT*fe 

§ o 

[H6] £(D^m(omM<D&M2^&zytmm&m(»Mf&*Kt7u v ?m^&%o 
[07] coKw©iiaiojg»3"e*s3t25^Kii©«ia*^-r7*Dy^ia-e**o 

[08] C©«W©Hfil!i©mffi4-eSSft^Mg8S©«fi!t«:^-r7"Dy^|iI-efeSo 50 



U4j 
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[89] f*O^Iigg©ii«*^t70^If$§ o 

[0 1 2] 0 9 K^t-^*0)tSSMSiH-l?0/W7Xf|fficD«i(&«iJWS(|f^*|ttW-rS§ai5 

y f >\> m ) , a m m m m , 5 )t^7 (cpd , e (pd) ( 7 ■? u 10 

r > y , 8 5^-9-, 9 n»/U7^;H (LPF) , 10 ftl V flK 1 1 DC/U 
TXftffiiu 12 Tjifm^m, 13 fi*iH]£8, 14 ;W7Xli0jg, 15, 3 

4 hm, i 6 %mj]&?, i 7 MmM, i 8 mm mmnm^ttm^ > 1 9 

2 1 **XSfltt#SU 3 1 7 7A^^|^i^ (MZMslfg : 
7r>a7;H) , 3 2 

®mm, 3 3 t* # 0 
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